INTRODUCTION
Most mature students of human personality are agreed that normal and abnormal characteristics are determined by the complex interaction of numerous biological (e.g. genetic, neuro-endocrine, or metabolic), psychological, social, and cultural factors (Kluckhohn, Murray, and Schneider, 1953) . However, there still exist wide differences of opinion as to the relative importance of various determinants in the causation of specific anomalies -of personality and behaviour. While we are sometimes told that the nature-nurture controversy has long since been resolved, there are still many who view personality and its aberrations predominantly from either a genetical or an environmental aspect. The divergent opinions frequently represent at best no more than educated guesses, and at worst merely personal bias which results in unsolved problems being approached with preconceived convictions and consequent distortion of both observations and their interpretation.
Among the important consequences of differences in the orientation of the observer is the interpretation placed on studies of the families of mentally ill patients. There is much evidence of greatly increased incidence of mental illness among other members of the families of patients with certain mental disorders (e.g. Pollock, Malzberg, and Fuller, 1939; Kallmann, 1953) . However, while some authorities maintain that such intra-familial concentration of these disorders represents mainly random genetic transmission (e.g. Kallmann, 1952 Kallmann, , 1953 Slater, 1950 Slater, , 1953 , others regard transmission from parent to child as the result of harmful early experiences associated with intricate intra-familial relationships (e.g. Masserman, 1946; Lidz and Lidz, 1949; Weiss and English, 1949; Gerard and Siegel, 1950; Bowlby, 1952; Lidz, Parker and Cornelison, 1956) .
In view of the observed concentration of mental disorders in the families of some patients, and the amount of speculation concerning both genetic transmission (Penrose, 1950) and functional interpersonal relationships or dynamics (Cleckley and Thigpen, 1955) , it is at first sight remarkable how little is yet known about the structure or composition of the families of the mentally ill. It might perhaps be argued that without such information our investigations of function bear some similarity to the study of physiology in the absence of any knowledge of anatomy. However, the accumulation and analysis of data concerning the families of the mentally ill present serious technical difficulties and have often yielded barren results. Nevertheless, this is a most important area deserving the attention of both the biologist-and the social scientist. Among the familial studies that have been undertaken hitherto have been a number of investigations of parental age, family size, birth order, and ordinal position. Scientific interest in these variables developed during the latter part of the 19th century, in association with publications by Galton and other writers on heredity and eugenics. In the early years of the 20th century several quite extensive studies of family size and birth order were made, but early statistical techniques of analysis led to erroneous conclusions.
In their classic work on the determination of family size and of the distribution of characters in order of birth, Greenwood and Yule (1914) subjected to critical analysis earlier studies by Karl Pearson (1907) , David Heron (1907) , and Charles Goring (1913) , which had appeared to indicate unduly large families, combined with an increased incidence in firstborn, in cases of tuberculosis, insanity, and criminality.
These latter findings had previously been criticized on various grounds by other writers' (Weinberg, ANALYSIS OF FAMILIAL DATA ON PSYCHIATPIC PATIENTS and Yule (1914) showed that the sizes of the families involved were not in fact unduly large, but if anything below average. They also failed to find any pathological weighting of the earlier born members of the sibships containing Heron's insane patients, although some degree of such weighting was evident among the sibships of tuberculous patients and criminals. In a series of imbeciles, which had been reported on by Pearson and other writers, they found a definite excess of first and second born children (amounting to about 10 per cent.), but also a proportionately greater excess of birth orders from the eighth onwards (amounting to over 40 per cent.). However, it is not clear to the present author whether this sample of imbeciles was drawn only from completed families, failing which the method of analysis would of itself tend to produce undue weighting in the later birth orders (McKeown and Record, 1956) . Pearson (1914) wrote at some length on the handicapping of the first born, and the impression has since remained that the latter are indeed more vulnerable with respect to the physical and mental abnormalities which are evident at birth or very early in life. An exception is provided by mongolism which occurs in the last born in about 50 per cent. of cases. However, this anomaly is also associated with advanced maternal age at birth of the affected child, and Penrose (1934) was able to demonstrate that the incidence of mongolism depends upon maternal age and not upon birth order (a conclusion reflected in a more recent statistical study by Malzberg, 1950) . Achondroplasia occurs frequently in last born children, but is associated with increased age of the father rather than the mother. Anencephaly, on the other hand, shows no appreciable association with the age of either parent (Record and McKeown, 1949) and is more common in the early birth ranks. The interpretation of such findings has been discussed recently by Penrose (1955) and McKeown and Record (1956) .
The studies on parental age and birth order outlined above have been of interest mainly to biologically-oriented scientists. Ordinal position in the family, on the other hand, has been of greater concern to those with a predominantly psychosocial conceptual framework. For several decades, theories relating ordinal position to personality characteristics, and to the incidence of neurosis and other disorders, have been associated in many persons' minds with the name of Adler. Unfortunately, Adler's rather dogmatic assertions were based on impressions derived from clinical experience rather than on scientific observation, and his views appear to have undergone some modification with the passage of time. Thus, in 1918, he stated that "the restless neurotics are, to a preponderating degree, second born children", while subsequently (quoted by Ansbacher and Ansbacher, 1956) he remarked that "in my experience the greatest proportion of problem children are oldest children; and close behind them come the youngest children".
Numerous other authors have added their own clinical impressions regarding the supposed vulnerability of some particular ordinal position. Thus Brill (1922) remarked that it would be best for the individual as well as the race that there should be no only children, while Hill (1945) asserted that a large proportion of eldest children develop into problem children, and also that a large number of youngest children fill the ranks of problem children, neurotics, and criminals.
Concurrently, there have been numerous attempts to relate ordinal position to various traits of personality, but when Murphy, Murphy, and Newcomb (1937) reviewed several hundred of these studies they found conflicting results. More recently attempts have been made to study ordinal position in relationship to the sex of the child, social class, and childhood experiences based on intra-familial interaction (e.g. Krout, 1939; Sears, 1950 Sears, , 1957 Roberts and Myers, 1954) .
The only article3 with which the present author is familiar that include numerical comparisons of psychiatric disorders according to ordinal position (e.g. Norton, 1952; Wahl, 1954 Wahl, , 1956 use percentage figures, which depend in part upon the frequency distribution of family sizes in the sample. Estimates of mean family size reported in these articles also appear to be biased in the manner described by Greenwood and Yule (1914) . However, Norton's study also includes interesting data on maternal age, birth order, and loss of a parent, and the data are so presented that further analysis is possible. In addition, Norton (1957) has been kind enough to provide supplementary unpublished data concerning both his series of psychiatric patients and of physically ill controls.
In the present article, it is planned to analyse further the data recorded by Norton (1952 Norton ( , 1957 Norton's 2,500 psychiatric patients were derived in two ways. 500 were a random sample of patients aged 15 years or more attending the psychiatric department of a general hospital (The London Hospital, England) during the period July, 1947, to July, 1948 . Particulars of a further 2,000 patients who had attended the department between 1943 and 1947 were abstracted from their records. Most of the patients were suffering from psychoneuroses or personality disorders; those having florid psychoses and organic mental disorder were excluded, but the series contains a few mild endogenous depressives accounting for less than 10 per cent. of the total. The median age of the sample of 500 patients, calculated from unpublished data (Norton, 1957) , was 30 4 years.
Norton's 500 controls were physically ill patients selected from the general in-patients of the hospital, who were matched for age and sex (and, less reliably, for social class). Patients referred for psychiatric consultation were rejected, as were those admitted for skin and neurological disorders. The period covered in collecting information about the control series was December, 1947, to March, 1949. Since the publication of each of the two articles under consideration, detailed data has become available on the distribution of family sizes in the general populations from which the subjects were drawn (U.S. Bureau of the Census, 1943 Census, , 1947  Royal Commission on Population, 1954) , and these sources of information have been used for comparative purposes in the present study.
NATURE OF DATA
In the case of Malzberg's two series of psychotic patients, the data analysed here consist of Tables   giving the numerical distribution of order of birth  by size of family.  Similar Tables were utilized for both Norton's  psychiatric patients and his controls, additional data  being derived in this instance from Tables giving  order of birth by maternal age and by paternal  age, and also a Table comparing Greenwood and Yule (1914) enables the calculation of corrected family sizes, and of expected frequencies of different birth orders, from samples taken through members of the sibships. The arithmetic involved is simple, but the method is not too widely known or understood, and it has been at times applied incorrectly as shown by McKeown and Record (1956) . Some attempt at explanation might be considered desirable on these grounds alone, but in addition an extension of the method has here been used to examine ordinal position, which may require elucidation. Table I shows the distribution of a model sample of affected subjects by size of sibship and birth order, and 
It is the distribution (Fx/x) for which other measures of central tendency, and standard deviation, should be derived. In calculating the standard errors of the mean, median, and standard deviation, however, there is some doubt whether the number of observations on which the standard error is based should be taken as £(FX) or as X(Fxlx). considers that this number lies somewhere between the two, but that it is wiser to err on the conservative side by using the figure Z(Fxlx), so that estimates of the standard errors will be maximal , and this advice has been followed in calculating the standard errors given in the present study.
It is also the distribution (F,/x) To proceed now to the examination of ordinal position is very simple, since the distribution (Fx/x) gives the expected frequency of each specific ordinal position (i.e. eldest, youngest, and penultimate) for each size of family. Summing (Fx/x) from the bottom upwards (which has already been done in calculating expected frequencies of birth order) will therefore also give the expected total number in each specific ordinal position. Thus it appears that the expected frequency of eldest children (in all families having two or more children) is the same as that for youngest children, and both are the same as the expected frequency of children in the second birth order (E). The expected frequency of penultimate children (in all families having three or more children) is the same as that for children in the third birth order (E3), and the expected frequency of intermediate children is obtained by differencing. In similar manner, the expected frequency of eldest, youngest, or penultimate children in families having x or more members is given by the frequency Ex (see Tables XII and XIII, pp. 54 and 55).
It will have been noted that these calculations on ordinal position exclude the only child, although the latter has hitherto been traditionally considered as an ordinal position (e.g. Glueck and Glueck, 1950; Norton, 1952; Wahl, 1954 Wahl, ,1956 ). However, it appears to the present author more appropriate to consider the frequency of only children in relation to the frequency distribution of family sizes (vide supra).
The present author has concluded that, when used with caution, the Greenwood-Yule method and the extension described are well suited to examining the sibships of psychiatric patients, 
El (a0b±c+d+e+f) 01 (a+-b±+c-+d,+e,+f,) (Halperin, 1953 
RESULTS
(1) PARENTAL AGE (Table III and Table IV , overleaf) The mean maternal age of Norton's psychiatric patients exceeds that of his controls by 1-04 years, which is 2 58 times the standard error of the difference, so that the probability of this difference having occurred by chance is one in a hundred.
Comparison of the median maternal ages of both psychiatric patients and controls with the estimated median maternal age for women in England and Wales married in the period 1910-14 (given in the last column of Table IV as 29.79 years) shows good agreement for the controls, but again the difference for the maternal age of the psychiatric patients amounts to about 2-6 times its standard error.
In the case ofpaternal age, comparable figures were not available for the general population, and the nature of the data (Norton, 1957) did not enable the exact calculation of mean, standard deviation, and standard errors, but it may be noted that the median paternal age for patients exceeded that for controls by 0 96 years (as compared with 1 -21 years difference between the recorded median ages of the mothers of these two groups).
The differences between the median ages offather and mother amounted to 2 08 years in the case of psychiatric patients, and 2 33 years in the case of controls. The latter figure corresponds closely with the figure of 2 3 years given by Penrose (1955) as the difference in mean parental ages for the population of England and Wales in 1939. (Penrose, 1955 Table 111 ).
Norton's unpublished data (1957) also indicate that 74 out of 500 psychiatric patients, as compared with 47 out of 500 controls, had mothers one or two years older than their fathers. This difference amounts to 5 4 per cent. which is 2-67 times its standard error, so that the probability of its being due to chance is less than one in a hundred.
(2) FAMILY SIZE (Tables V, VI, VII, VIII, IX, X, and XI) Characteristics of family size for Norton's psychiatric patients (Table V, opposite) show no significant differences from those of his physically ill controls (Table VI, 
overleaf).
The mean size of family for both these samples is significantly less than the mean size of family for all social status groups of mothers in England and Wales married in the period 1910-14, but is well within the limits of family size differences between the two broad status groups, being weighted on the side of the non-manual group (see Tables VII  and VIII, overleaf) .
However, the distributions of both Norton's psychiatric patients and his physically ill controls show an unusual feature-namely a mode of unity. Now it may be seen from Table XI , p. 54).
However, there is a suggestive difference of 0 5 between the mean family sizes of Malzberg's two groups of patients, which amounts to 1 69 times its standard error, and which could therefore be attributed to chance with a probability of slightly less than one in ten.
(3) BIRTH ORDER (Tables V, VI, IX, and X) This variable was investigated in the original studies by both Malzberg (1938) and Norton (1952) , and nothing need to be added to their own analyses. It was, however, necessary to calculate expected frequencies of each birth order for the purposes of the present article (as a preliminary to anaylsis of ordinal position), and it was relatively easy to apply the x2 test to expected and observed frequencies of birth order.
In Norton'spsychiatricpatients (Table V, opposite) , there was a lower observed incidence than expected in was a lower observed incidence than expected in the early birth ranks and a moderately increased incidence was observed in the later ranks, findings which could have occurred on the basis of chance less than once in fifty trials. These findings are high, and in both Malzberg's series it was approximately double the observed frequency recorded for penultimate children (although the expected frequencies in this instance are identical).
DiSCUSSION (1) POSSIBLE SOURCES OF ERROR IN RESULTS
There are several possible types of bias which require consideration before any tentative interpretations are placed upon the results that have been presented.
First, the question might be raised whether the physically ill patients selected by Norton provide suitable controls for his series of psychiatric patients -particularly in view of recent findings indicating a high incidence of psychiatric abnormality in a random sample of surgical ward patients (Zwerling, Titcher, Gottschalk, Levine, Culbertson, Cohen, and Silver, 1955;  Titchener, Zwerling, Gottschalk, Levine, Culbertson, Cohen, and Silver, 1956 ). However, it may have been noted that Norton's physically ill controls were selected by age, and to a considerable extent also by diagnosis (both on account of the age selection, and by exclusion of neurological dermatological and any suspected psychiatric disorders), from among the general in-patients of the hospital. Moreover, they closely approach the statistical expectations for characteristics under examination in the present study. Thus, their median maternal age and their mean family size correspond closely with those estimated for mothers in the general population marrying in the period [1910] [1911] [1912] [1913] [1914] ; the difference between the median ages of their fathers and mothers agrees with the difference between the mean parental ages for the control population given by Penrose (1955) ; their observed frequency distributions by birth order and by ordinal position closely resemble the frequencies expected on the basis of chance. Their only anomalous features, indeed, are an unexpectedly high proportion of only children, and 20 per cent. excess of observed over expected frequency of youngest children in families having four or more members (both of which observations were found also in the psychiatric patient group).
The other possible sources of bias considered here concern the Greenwood-Yule method of examining family size and birth order, and the extension which has been introduced in order to examine ordinal position.
It has been mentioned earlier that this method is inapplicable unless the sibships containing the affected member have been completed, as otherwise the estimate of mean family size is too low, and there is an apparent excess in the larger (later) Malzberg (1938) felt that there was a great probability of the observed number of first born being in excess of the true total, because a number of the patients might have lost older siblings in infancy and grown up in ignorance of such events.
It might be argued that such individuals grew up psychologically as first born and should rightly be considered as such, but in the present instance the matter is largely academic since it is an excess of younger rather than older members of sibships that has to be accounted for.
A further possible source of bias suggested by Malzberg (1938) concerned the assumption that, since the (cumulative) rate of mental illness advances with age, this would lead to an apparent excess of earlier born among the patients. The present author does not believe that this problem arises, provided that the recording of a given sibship depends upon the affected member being diagnosed or admitted to hospital within a given time period, and also provided that the recording of the affected member does not in any way lead to the recording of any other member of the sibship affected before Norton (1957) raises a valid difficulty when he points out that apparent weighting of younger members of large families may result from diminishing numbers of large families in the general population (it therefore being relatively somewhat more likely that we should meet a younger member of a large family started, let us say, before the end of the 19th century, than that we should meet an older member of a family of the same size started at a later date). In addition to causing an apparent weighting of youngest members of large families, this would of course lead'to a relative weighting of penultimate members, and also a relative weighting of higher birth orders as a whole-neither of which was found in the case of Norton's physically ill controls (see Tables VI and XIII) or in either of  Malzberg's series (Tables IX, X, and XIII) .
The other possible source of error that will be examined here concerns the number of cases encountered during the recording of data for which birth order and/or size of famnily could not be ascertained. It Mothers ( Record (1956) point out that association between incidence and parental age or birth order provides strong presumptive evidence of environmental influence, even if the action of this influence were confined to the germ cells and expressed itself through mutations in ways outlined by Penrose (1955) . Similarly, an association between incidence and ordinal position points to some form of environmental influence. It would appear that any characteristic not uniformly distributed among different birth ranks and ordinal positions cannot be attributed solely to genetic transmission (although random distribution of itself is not proof of such genetic causation). Penrose (1955) has drawn attention to the importance of parental age in differentiating causes of mutation, and he notes that the influence of the father's age is of critical significance. When there is an association between father's age and incidence (as in achondroplasia), the hypothesis of fresh gene mutation as the cause is strengthened, whereas when there is no such association (as in mongolism) other causes must be sought. He also postulates that a slight (approximately equal) increase in the mean ages of both parents would be expected in conditions originating in mutations caused by radiation.
McKeown and Record (1956) distinguish between types of environmental influence operative at different stages of development. They note that it is the early pre-natal environment that seems to determine the incidence of mongolism and anencephaly, while there is evidence to suggest that the intra-natal environment (e.g. relative anoxaemia) may affect the incidence of patent ductus arteriosus, and that the post-natal environment may affect the onset of infantile hypertrophic pyloric stenosis. These authors state that, unlike the uterine environment, the post-natal environment favours children in low birth ranks and at late maternal ages (due to the absence of older siblings who may convey infectious disease, and to the more favourable economic circumstances of parents). However, it may be questioned whether these generalizations apply equally to psycho-social environmental factors which may influence the development of certain psychiatric disorders.
In the light of such considerations as the foregoing, we may now proceed to examine a few of the possible interpretations that may be placed on specific findings that have emerged in the present study.
Parental Age.-In Norton's psychiatric patients, there was a slight increase in mean and median maternal ages (as compared with controls and general population), more marked than the apparent slight associated increase in median paternal age. The difference between the median ages of father and mother was somewhat low for these psychiatric patients, which would render mutation an unlikely hypothesis (Penrose, 1955) . On the other hand, the excess among the patient group of mothers one or two years older than fathers might favour the hypothesis of maternal dominance throughout the individual's development as a possible aetiological factor.
Family Size.-The corrected mean size of family for Heron's insane patients, as calculated by Greenwood and Yule (1914) , was 4 17 which would appear to be an unduly low figure for the children of parents in England and Wales married a considerable time before the end of the 19th century (Table VII) .
Mean family sizes hitherto calculated for juvenile delinquents (Glueck and Glueck, 1950) , neurotics (Norton, 1952) and schizophrenics (Wahl, 1954 (Wahl, , 1956 ) all appear to be biased estimates (appreciably larger than figures that would have been obtained through samples of their mothers). Malzberg (1950) used the Greenwood-Yule correction in calculating mean family sizes on his group of mongols and obtained 2-9 as the mean size of all families (a number of which were probably incomplete) and 4-2 as the mean size for the presumably completed families of mothers aged 40 years and over.
It is known that the incidence of certain mental disorders is related to social class (e.g. Redlich, Hollingshead, Roberts, Robertson, Freedman, Myers 1953; Hare, 1955) , and it is also well established that size of family is related to social class. It might therefore seem logical that the mean size of family for a given category of psychiatric patients should be related to the social class from which that category is predominantly derived. The mean family size of Norton's neurotic patients is indeed compatible with this hypothesis. However, if this hypothesis were true, it would be expected that schizophrenics derived predominantly from lower socio-economic strata than manic-depressives would also tend to come from larger families, whereas the opposite was observed in Malzberg's two groups. (Wanklin, 1957) . In Norton's psychiatric patients (1952) the excess of observed over expected frequencies in the later birth ranks may be significant of itself, but appears to be partly attributable to the specific increase in observed incidence in youngest children (vide infra).
Ordinal Position.-Previous investigators have examined the percentage distribution of cases among the various ordinal positions, with which they have also included only children (e.g. Glueck and Glueck, 1950; Norton, 1952; Wahl, 1954 Wahl, , 1956 ). The only significant information that this form of distribution gives would appear to consist of possible differences in the observed percentages of eldest and youngest children (which should be approximately identical if the incidence in both is the same). Book (1953) and Wanklin (1957) after the birth of the child (who then remains the youngest), either through death or through the separation of the parents. Norton (1952) indeed found that a significantly higher proportion of his psychiatric patients than of his controls had lost their father before they reached the age of 10 years. However, this observation leads to the question whether, in such cases, the significant aetiological situation might be economic deprivation, loss of a normal paternal relationship, or consequent unopposed maternal dominance with accentuation of any pathological features in the mother-child relationship.
(iii) The His findings appear to indicate that youngest children are not the coddled "babies" of the family, but that they are least often breast-fed, severely weaned, and rarely praised, and that "modesty" training is begun early.
In concluding these remarks on the possible significance offindings with regard to parental age, family size, birth order, and ordinal position, the comments of McKeown and Record (1956) seem most appropriate-namely, that the examination of such variables is of limited interest unless the significance of an observed association is explored further; that the same association may have very different explanations in different circumstances; and that, when taken with other clinical and pathological evidence, such information may suggest profitable lines of inquiry.
SUMMARY
The investigation of parental age, family size, birth order, and ordinal position offers hope of information on the relative influences of genetic and environmental factors in the aetiology of mental disorders. Some of the relevant literature concerning these variables has been reviewed.
Certain data relating to these variables, previously recorded by two other investigators, have been subjected to further analysis. These data involve groups of psychiatric patients and physically ill controls seen in a general hospital in London and two groups of psychotic patients admitted to a mental hospital in New York State.
The Greenwood-Yule method of determining family size and expected frequencies of birth orders (from samples taken through members of the sibships) has been outlined, together with an extension of this method devised to estimate expected frequencies of different ordinal positions.
A slight, but statistically significant, increase in mean and median maternal ages was noted for Norton's group of predominantly neurotic patients, together with an apparent (though less marked) increase in median paternal age. There was also a significant excess of these patients (as compared with controls) having mothers one or two years older than their fathers. The mean family size of Norton's psychiatric patients was approximately the same as that of his controls and of the section of the general population with which both samples were considered comparable, but the frequency of only children was unexpectedly high in both groups.
The mean family size of Malzberg's manicdepressives slightly exceeded that of his group of patients with dementia praecox and that of the general population.
Norton's psychiatric patients showed a relative excess of observed over expected incidence in the higher birth orders, but no such association with birth order was noted for the other three samples examined.
Analysis of ordinal position revealed an excess of observed over expected incidence in youngest children of families containing four or more members, most marked in Malzberg's two series of psychotic patients.
The foregoing results have been discussed, with reference to a number of possible sources of error, and some alternative explanations have been considered.
It is concluded that further investigations of such variables as parental age, family size, birth order, and ordinal position are indicated, and may well yield profitable information.
